Energy levels, electric dipole transition probabilities and oscillator strengths in five times ionized silicon have been calculated in intermediate coupling. The present calculations were carried out with the general purpose atomic-structure program SU-PERSTRUCTURE. The relativistic corrections to the non-relativistic Hamiltonian are taken into account through the Breit-Pauli approximation. We have also introduced a semi-empirical correction (TEC) for the calculation of the energy-levels. These atomic data are used to provide semiclassical electron-, proton-and ionized helium-impact line widths and shifts for 15 Si VI muliplet. Calculated results have been used to consider the influence of Stark broadening for DO white dwarf atmospheric conditions.
INTRODUCTION
Atomic data such as transition probabilities (A) play an important role in the diagnostics and modelling of laboratory plasmas (Griem 1974) . Various kinetic processes appearing in plasma modelling need reliable knowledge of A values. Further, knowledge of A values gives a possibility for determination of coefficients (B) which characterize the absorption and stimulated emission. These processes are also important in laser physics. The classification of transitions and determination of energy levels are essential parts of the study of a laboratory spectrum. The lack of available atomic data limits our ability to infer reliably the properties of many cosmic plasmas and, hence, address many of the fundamental issues in astrophysics (Savin 2001) .
Accurate Stark broadening parameters are important to obtain a reliable modelisation of stellar interiors. The Stark broadening mechanism is also important for the investigation, analysis, and modelling of B-type, and particulary A-type, stellar atmospheres, as well as for white dwarf atmospheres (see e. Uzelac and collaborators (Uzelac et al. 1993) studied plasma broadening of Ne II-Ne VI and F IV-F V experimentally and theoretically, they found that, the results of simplified semiclassical (Griem 1974, Eq 526) calculations show better agreement at higher ionization stages, while the modified semiempirical formula (Dimitrijević & Konjević 1980) seems to be better for the low ionization stages. Unfortunately, due to the lack of atomic data, most of the reported sophisticated semiclassical Stark broadening parameters relate to spectral lines of neutral and low ionization stages. In previous papers (Ben Nessib, Dimitrijević & Sahal-Bréchot 2004; Hamdi et al. 2007 ), we calculated Stark broadening parameters of quadruply ionized silicon and neon using SU-PERSTRUCTURE and Bates & Damgaard (1949) method for oscillator strengths and we found that the difference is tolerable.
Si VI ion belongs to the fluorine-like sequence, its ground state configuration is 1s 2 2s 2 2p 5 with the term 2 P
• . In this work we present fine-structure energy-levels, transition probabilities and oscillator strengths for Si VI ion. The atomic structure code SUPERSTRUCTURE was used, which allows for configuration interaction, relativistic effects and semi-empirical term energy corrections. Calculated en-ergies and oscillator strengths are used to provide Stark broadening parameters due to electron, proton, and ionized helium-impact of Si VI lines. The obtained Stark broadening parameters are used to investigate the influence of Stark broadening mechanism in hot, high gravity star atmospheres as for example DO white dwarfs.
THE METHOD
In this work, the calculations were carried out with the general-purpose atomic-structure program SUPERSTRUC-TURE (Eissner, Jones & Nussbaumer 1974), as modified by Nussbaumer & Storey (1978) . The atomic model used to calculate energies of terms or levels and transition probabilities include 26 configurations: 2s 2 2p 5 , 2s2p 6 , 2s 2 2p 4 3ℓ, 2s 2 2p 4 4ℓ, 2s 2 2p 4 5ℓ, 2s 2 2p 4 6ℓ, 2s2p 5 3ℓ and 2p 6 3ℓ (ℓ ≤ n−1). Configuration interaction (CI) effects were fully taken into account. The wave functions are of the type
where the basis functions Φi are constructed using oneelectron orbitals. The latter are calculated with a scaled Thomas-Fermi statistical model potential or obtained from the Coulomb potential. For each radial orbital P nl (r), the potential can be adjusted using a parameter called λ. In the present case, those n and l-dependent scaling parameters λ nl were determined variationally by optimizing the weighted sum of the term energies. The P nl are orthogonalised to each other such that the function P n 1 l is orthogonalised to the function P n 2 l when n2 < n1. The values adopted for the λ nl parameters are presented in Table A . In this approach the Hamiltonian is taken to be in the form
relativistic corrections are included in Breit-Pauli Hamiltonian (HBP ) as perturbation to the non relativistic Hamiltonian (Hnr). HBP contains the one electron operators for the mass correction, the Darwin contact term, the spin-orbit interaction in the field of the nucleus and the two electron operators for spin-orbit, spin-other orbit, and spin-spin interactions. We also use the so-called term energy corrections (TEC) introduced by Zeippen, Seaton & Morton (1977) , in which the Hamiltonian matrix is empirically adjusted to give the best agreement between experimental energies and the final calculated term energies including the relativistic effects. In practice, the TEC for a given term is simply the difference between the calculated and measured energy of the lowest level in the multiplet. (1996) . The full halfwidth (w) and shift (d) of an electron-impact broadened spectral line can be expressed as:
where N is the electron density, f (υ) the Maxwellian velocity distribution function for electrons, ρ denotes the impact parameter of the incoming electron, i and f denote the initial and the final atomic energy levels and i ′ and f ′ their corresponding perturbing levels, while WR gives the contribution of the Feshbach resonances (Fleurier, Sahal-Bréchot & Chapelle 1977). The inelastic cross section σ ii ′ (υ) can be expressed by an integral over the impact parameter of the transition probability P jj ′ (ρ, υ) as
and the elastic cross section is given by
The phase shifts ϕp and ϕq due respectively to the polarization potential (r −4 ) and to the quadrupolar potential (r −3 ), are given in Section 3 of Chapter 2 in Sahal-Bréchot (1969a) and RD is the Debye radius. All the cut-offs R1, R2, R3 are described in Section 1 of Chapter 3 in Sahal-Bréchot (1969b).
For electrons, hyperbolic paths due to the attractive Coulomb force were used, while for perturbing ions the hyperbolic paths are different since the force is repulsive. The formulae for the ion-impact widths and shifts are analogous to Eqs. (3)-(5), without the resonance contribution to the width.
RESULTS AND DISCUSSION
The calculated ab initio energies for Si VI are listed in Ta Two different models are used for the determination of energy levels, the first contains the 9 first configurations of the model given in Sect. 2 and the second contains the totality of the 26 configurations. Both 9-configuration model and more elaborated 26-configuration one give energy levels in good agreement with the NIST values, indeed, our energies are lower than the NIST ones by less than 1% except for the two first excited levels i.e. 2p
5 2 P
• 1/2 and 2s2p 6 2 S 1/2 . But the results obtained by the second model are always more accurate, that proves the importance of the configuration interaction. Besides, if a term is simply shifted relatively to the ground state, then the difference with observed energy should be essentially constant. In some terms the levels are not always in correct order. For example, the observed order of the levels of 2p 4 ( 3 P)3d 4 F is (9/2, 7/2, 5/2, 3/2) and the present order is (9/2, 3/2, 5/2, 7/2).
We use the calculated energies and the wavefunctions to calculate oscillator strengths and transition probabilities. With the aim of improving the quality of our wavefunctions, the 2s2p 6 2 S 1/2 level is corrected using TEC procedure (see Sect. 2). This method can not be applied for 2p 5 2 P
• 1/2 level. Electric dipole transition probabilities and weighted oscillator strengths are presented in Table 2 In their work the adjusted energy levels were used to optimize the electrostatic parameters, these optimized parameters were used again to calculate the gfvalues. In general, our oscillator strengths are in good agreement with the other works except for a few transitions as for example 2-5, 1-6, 2-6, 2-38, for which we observe large disagreement. and temperatures from 50,000 up to 800,000 K are shown in Table 3 for electron-, proton-, and singly ionized helium impact broadening. Such temperatures are of interest for the modelling and analysis of x-ray spectra, such as the spectra obtained by Chandra, modelling of some hot star atmospheres (e.g. DO white dwarf and PG 1195), subphotospheric layres, soft x-ray lasers and laser produced plasmas.
Higher temperatures are of interest for fusion plasma as well as for stellar interiors. We also specify a parameter C (Dimitrijević & Sahal-Bréchot 1984), which gives an estimate for the maximal perturber density for which the line may be treated as isolated, when it is divided by the corresponding full width at half maximum. For each value given in Table 3 the collision volume V multiplied by the perturber density N is much less than one and the impact approximation is valid (Sahal-Bréchot 1969a,b). When the impact approximation is not valid, the ion broadening contribution may be estimated by using the quasistatic approach (Griem 1974; Sahal-Bréchot 1991; Ben Nessib, Ben Lakhdar & Sahal-Bréchot 1996).
Unfortunately, no experimental data are yet available for the Stark broadening parameters so that the comparison is made only with Dimitrijević's (1993) results obtained using the modified semiempirical formula (Dimitrijević & Konjević 1980). All our values are greater than Dimitrijević's ones. The ratio
shows in average an agreement within 56%. Low disagreements are usually found for resonance lines, for example for the spectral line 2p
is only 1.06 for T = 800,000 K.
STARK BROADENING EFFECT IN WHITE DWARF ATMOSPHERES
White dwarfs are separated in two distinct spectroscopic sequences, the DA and non-DA white dwarfs. The former ones display a pure hydrogen (optical) spectrum. The second, helium-rich sequence comprise DO (T ef f > 45,000 K), DB (11,000 < T ef f < 30,000 K) and DC (T ef f < 11,000 K) white dwarfs. At the highest effective temperatures the DOs are connected to the helium, carbon and oxygen-rich PG 1159. Silicon in various ionization stages is present DO white dwarf atmospheres (Werner, Dreizler & Wolff 1995). We used our results for Stark widths to examine the importance of electron-impact broadening in atmospheres of DO white dwarfs for a trace element like Si VI. Model atmospheres were taken from Wesemael (1981).
In hot star atmospheres, besides electron-impact broadening (Stark broadening) the important broadening mechanism is a Doppler (Thermal) one as well as the broadening due to the turbulence and stellar rotation. Other types of spectral line broadening, such as van der Waals, resonance and natural broadening, are usually negligible. For a Doppler-broadened spectral lines, the intensity distribution is not Lorentzian as for electron impact broadening but Gaussian, whose full half width of the spectral lines may be determined by the equation (see e.g. Konjević 1999)
where atomic weight for silicon is MSi=28.1 a.u. Fig 3. Atmospheric models used here have effective temperature T ef f = 80,000 K. For stellar atmosphere with higher values of surface gravity (log g = 8-9), Stark broadening is significantly larger than Doppler one. For stellar atmosphere with surface gravity log g = 7, Stark widths are comparable to Doppler widths only for deeper hot atmospheric layer. For stellar atmospheres with log g = 6, Doppler broadening is dominant for all atmospheric layers.
CONCLUSIONS
In present work we have calculated ab initio energy levels for the eight lowest configurations of Si VI. We have also calculated transition probabilities and oscillator strengths for 288 transitions. These data are useful for interpretation of laboratory and astrophysical spectra, since, the reliability of the predicted emergent spectra and the derived spectral diagnoses is directly influenced by the quality of radiative data. The method used here is semirelativistic one, the relativistic corrections are included by using the Breit-Pauli Hamiltonian as perturbation to the non relativistic Hamiltonian. To make fully relativistic calculation, the GRASP code (Dyall et al. 1989) can be used. One should note also that Martin & Wiese (1976)investigated the influence of relativistic effects on the oscillator strength values for the lithium isoelectronic sequences and found that the influence is not important on investigated f values for the ionization degrees investigated in our work. We have reported results of Stark broadening parameter calculations for 15 spectral lines of Si VI. For the simple spectrum, the Stark broadening parameters of different lines are nearly the same within a multiplet (Wiese & Konjević 1992). Consequently, we have used the averaged atomic data for a multiplet as a whole and calculate the corresponding Stark widths and shifts. We see that using the SUPERSTRUCTURE code one obtains a set of energy levels and oscillator strengths, enabling a calculation of Stark broadening parameters when other theoretical and experimental data do not exist. The Stark broadening parameters obtained here, contribute to the creation of a set of such data for as large as possible number of spectral lines, of significance for a number of problems in astrophysical, laboratory and technological plasma research. Our analysis of the influence of Stark broadening on Si VI (λ = 1226,7 A) spectral line for stellar plasma conditions, demonstrates the importance of this broadening mechanism for hot, high gravity star atmospheres as for example DO white dwarfs.
ACKNOWLEDGMENTS
We would like to thank C.J. Zeippen for providing his version of SUPERSTRUCTURE code. This work is a part of the projects 146001 "Influence of collisional processes on astrophysical plasma line shapes" and 146002 "Astrophysical Spectroscopy of Extragalactic Objects" supported by the Ministry of Science of Serbia. This paper has been typeset from a T E X/ L A T E X file prepared by the author. 
REFERENCES

